where Fi is the initial flow at starting pressure, Pi, and F is the coronary flow at the new steady-state increased pressure, P. (p<0.05). However, this impairment was temporary. After 60min of reperfusion, neither the ArI nor the slope of the pressure-flow plots was different from control. Our control CBF appeared to have good autoregulation based on similar values of ArI and slope of pressure-flow plot obtained on awake dogs.9) An example of coronary pressure-flow plots from a typical experiment (Figure 1) shows that the pressure-flow relationship at 60min of reperfusion was similar to the control relationship. By contrast, the pressure-flow relationship at 15min reperfusion showed impaired autoregulation, compared to the control state. tion of reperfusion may influence catecholamine levels, and hence, the systolic function and MVO2 after a given ischemic insult. For example, both of the above-cited studies documenting unchanged14) or increased2) MVO2 in the stunned myocardium used repeated coronary occlusions to stun the heart, while the studies in which stunning lowered the MVO2 used single coronary occlusions.
Laxson's study,14) which found no decrease in MVO2 despite marked reduction in systolic function, was done in conscious dogs which likely had greater systolic shortening and higher MVO2 than they would have had if under anesthesia. The results of Stahl's study,2) which showed MVO2 to be higher in the stunned myocardium, are difficult to interpret given that the hemoglobin concentration of blood perfusing the myocardium was only measured at the end of the experiment. If hemoglobin concentrations changed over the course of the experiment, their control MVO2 calculation would be in error.
The accuracy of our regional MVO2 determination depends upon the validity of anterior interventricular venous (AIV) blood sampling as an indicator of the oxygen extraction of myocardium supplied by the LAD artery. It was previously shown that in anesthetized swine whose LAD coronary artery was cannulated and perfused, more than 90% of blood in the AIV is supplied by the LAD artery during normal flow.24) Thus, AIV sampling is a good indicator of the metabolic status of the LAD-perfused area in the absence of ischemia. Limitations and advantages of our model: Though myocardial stunning has most often been studied in situ in the dog heart, we were able to produce a similar model of stunning in the swine. Swine, unlike dogs, have minimal innate coronary collateral circulation 25) and so flow to the test myocardium during ischemia can be more precisely controlled during regional perfusion. To produce stunning, we lowered pump flow to 25% of baseline, which mimics average collateral flow after complete coronary occlusion in the common dog model of stunning. The advantage in using pigs is that a given decrement in coronary blood flow will result in a more predicable degree of ischemia,1) and therefore a more uniform model of stunning in which to study coronary autoregulation. The non-uniformity of stunned myocardium in dogs subjected to 15min of total coronary occlusion has been addressed by Bolli et al.26) They found that the large variability in severity and duration of post-ischemic myocardial dysfunction was determined primarily by the variability in collateral blood flow to the test myocardium during reversible ischemia.
Potential disadvantages of our experimental preparation are that anesthesia, coronary cannulation and extracorporeal circulation may affect autoregulation and the distribution of coronary blood flow. Caution is therefore required in the extrapolation of our findings to the intact or anesthetized animal. However, it was reassuring to find that autoregulation was present at baseline and that flow heterogeneity was comparable to that measured in both conscious animals and in non-cannulated hearts of anesthetized animals. 18, 19) In summary, we found that myocardial stunning in this model does not disrupt coronary autoregulation or macroscopic blood flow heterogeneity. Despite a marked (46.5%) reduction in systolic shortening, two indices of coronary autoregulation, the ArI and the slope of the coronary pressure-flow relation, were unchanged from baseline after 1 hour of reperfusion. Blood flow heterogeneity, as measured by the dispersion of blood flow in 200mg segments of myocardium, was also normal in the stunned heart. These findings indicate that neither disrupted global autoregulation nor blood flow heterogeneity contribute to contractile dysfunction after one hour of reperfusion.
